.-When the green bacterium Chloropseudomonas ethylicum was grown at various light intensities, the formation of the photosynthetic vesicles was found to be an inverse function of the light intensity at which the cells were grown. The specific chlorophyll content of isolated vesicles varied as the light intensity was changed over a wide range. Thus, the regulation of chlorophyll content in C. ethylicum in response to a change in light intensity is achieved both by a change in the number of vesicles that are formed and by a change in the specific chlorophyll content of these vesicles.
Cohen-Bazire, Sistrom, and Stanier (3) found that, when Rhodospirillum rubrum and Rhodopseudomonas spheroides are grown at varying incident light intensities, there is an inverse relationship between the differential rate of chlorophyll synthesis and the light intensity at which the cell population is growing. Cells grown at low light intensity contain more chlorophyll than cells grown at high light intensity. Fuller, Conti, and Mellin (4) found that, when Chromatium is grown at low (100 ft-c) incident light intensities, there is an elaboration of the membrane into highly differentiated structures which appear in section as classical bacterial chromatophores. At high light intensities, there is a threefold decrease in cellular chlorophyll and the formation of a loosely associated membranous or even lamellartype structure in the cell. Again, more membrane and more chlorophyll per cell are the effects of limiting light intensity during the growth of Chromatium.
Sistrom (10) and Lascelles (8) This investigation was undertaken to observe the effect of light intensity on the formation of photosynthetic vesicles and chlorophyll synthesis in the green photosynthetic bacterium, Chloropseudomonas ethylicum, which has a photosynthetic apparatus and pigment system quite different from the purple bacteria.
MATERIALS AND METHODS
Cultivation of bacteria. C. ethylicum strain 2-K was grown and harvested as previously described by Holt, Conti, and Fuller (5) . Cultures were in a steady state at the time of harvest, as revealed by the constancy of the differential rate of chlorophyll synthesis. The increase in cell mass was estimated by measuring the optical density in a 1-cm absorption cell with a Zeiss PMQ spectrophotometer at 600 mp, at which wavelength the photosynthetic pigments absorb minimally.
Determination of chlorophyll and protein. Chlorobium chlorophyll and protein were determined as previously described by Holt et al. (5) .
Preparation of sucrose gradients and isolation of 349 vesicle fraction. The sucrose density gradients and the isolation of the Chloropseudomonas vesicles were performed as previously described by Holt et al. (5) .
Electron microscopy. Samples for electron microscopy were prepared and examined as previously described by Holt et al. (5) . All samples were stained with lead hydroxide by the procedure of Millonig (9) . Phosphotungstic acid negative staining was performed by the procedure of Huxley and Zubay (7).
RESULTS
To observe the effect of light intensity on the specific growth rate and specific chlorophyll content of C. ethylicum in the steady state, a series of experiments were undertaken with cells grown at various light intensities. The results shown in Table 1 indicate that at 1,000 ft-c of incident light the specific growth rate approached a maximal value of 0.201 hr-' and the specific chlorophyll content reached a value of 0.115 mg of chlorophyll per mg of protein. Below 1,000 ft-c, the specific growth rate and specific chlorophyll content were strong functions of the light intensity. At 10-ft-c, the lowest light intensity used in these experiments, the cells contained approximately 0.5 mg of chlorophyll per mg of protein and the specific growth rate was 0.135 hr-1.
Electron micrographs of cells grown under steady-state conditions at various light intensities were used to observe the effect of light intensity on vesicle formation. As shown in Fig. 1 , the cells of C. ethylicum grown at 10 ft-c contained ellipsoidal vesicles rimming the periphery of the cells. The close spatial relationship between the 1,300 by 500 A vesicles and the peripheral membrane can be seen in this micrograph. In Fig. 2 , which also shows C. ethylicum grown at 10 ft-c, the vesicles appear as electron-dense structures, even though the cells were fixed and embedded in exactly the same manner as those in Fig. 1 . Cohen-Bazire, Pfennig, and Kunisawa (2) found that the electron density of Chlorobium thiosulfatophilum vesicles changed only when the embedding medium was changed.
There is some evidence of substructure to the vesicles under these conditions of growth and fixation. Cells grown at 1,000 ft-c of incident light (Fig. 3) contained fewer vesicular structures. At this light intensity, the cell contained approximately 0.1 mg of chlorophyll per mg of protein.
At 10,000 ft-c of incident light (Fig. 4) Negative staining of whole cells which had been treated by ballistic disintegration in a Mickle apparatus to empty the cell of soluble contents was performed (Fig. 5 and 6 ). At low light intensity, 10 ft-c (Fig. 5) , the opened cell was filled with the 1,300-to 1,500-A vesicles. At 10,000 ft-c (Fig. 6) , the number and diameter of vesicles was markedly reduced. These results agree with the specific chlorophyll contents of whole cells and isolated vesicles ( Table 2 ), in that, as the light intensity was varied, there was a variation in the number of vesicles formed and the amount of chlorophyll synthesized by the cell. These results of the effect of light intensity on vesicle formation in whole cells agree with the concepts put forward for the purple bacteria by CohenBazire and Kunisawa (1), by Holt and Marr for R. rubrum (6) , and by Fuller et al. (4) in Chromatium, in that as the light intensity was varied, the cell adapted to this variation by a change in the amount of photosynthetic structure formed.
To determine whether the cell adapted to this change in light intensity by a change only in the number of vesicles or if there was an alteration in the amount of chlorophyll per vesicle, an analysis of the chlorophyll content of purified vesicle fractions grown at four light intensities was undertaken. The vesicles were purified after Table 2 . There was an approximately fivefold decrease in the specific chlorophyll content (milligrams of chlorophyll per milligram of protein) of whole cells as the light intensity was raised from 10 to 10,000 ft-c and, in addition, the chlorophyll content of the isolated vesicles showed an eightfold decrease.
DISCUSSION
It has been clearly established in the purple bacteria that cells growing under very low light intensities synthesize more chlorophyll and concomitantly more intracytoplasmic membrane than do cells growing at high light intensity. In C. ethylicum, the cell adapts to a change in light intensity by both a change in the specific chlorophyll content and in the number of vesicles formed. At low light intensities, the periphery of the cell is rimmed with large 1,500-A ellipsoidal vesicles. At 10 ft-c the cells synthesize approximately 0.5 mg of chlorophyll per mg of protein.
As the light intensity is increased to 100 or to 10,000 ft-c, there is an approximately fivefold decrease in the specific chlorophyll content of the cell. The electron micrographs presented show that above 100 ft-c there is a sharp decrease in the number of vesicles in the cell, and the few vesicles that are formed appear smaller than those synthesized at low light intensity.
These results are not in concert with the idea of a constant relationship between the amount of internal membrane and the amount of pigment. The isolated vesicles are extensively contaminated with cell wall and membrane fragments. This contamination could account for the large variation in specific chlorophyll content of the isolated vesicles from cells grown at different light intensities. Thus, it is possible that only the number or the extent of vesicle formation varies, rather than the amount of chlorophyll per vesicle, as the light intensity is varied.
When R. rubrum was grown at different light intensities, Holt and Marr (6) found that the differential rate of chlorophyll synthesis (chlorophyll per unit membrane) was constant between 1 and 4,000 ft-c. At higher light intensities, this constancy no longer exists, probably due to a photo-oxidation of chlorophyll. The thickness of the internal membrane in R. rubrum remained constant at both low and high light intensity. A large change in the concentration of the photopigments could not be accommodated without an increase in the thickness of the membrane, if the pigment were merely laid down on the existing membrane. These data would tend to support the coupling of protein synthesis and chlorophyll synthesis reported by Sistrom (10) and Lascelles (8) . In R. rubrum, this coupling of protein synthesis with chlorophyll synthesis is coupled to an increased invagination of the intracytoplasmic membrane into the cytoplasm of the cell. C. ethylicum, however, does not appear to couple its increased chlorophyll synthesis with any elaboration of the cytoplasmic membrane into the cytoplasmic region of the cell. There appears to be an increase or a decrease in the number and in the size of the vesicles formed as the light intensity is varied. Since the membrane surrounding the vesicle is single rather than a "unit membrane," it cannot be established whether there is an actual synthesis of new vesicular material or just an expansion or contraction of existing membrane in response to the changes in chlorophyll content of the vesicles. On a milligram of chlorophyll per milligram of protein basis, when the light intensity is changed, the cell adjusts its number of vesicles with a concomitant change in chlorophyll content. This result would support the observation of Sistrom (10) and Lascelles (8) with the purple bacteria, in which more specific membrane is formed and there is an increased protein synthesis under these conditions. Although the chemical nature of the Chloropseudomonas vesicle membrane is not known, protein must be synthesized in the functional photochemical system, whether it be on the vesicle membrane or within it.
It becomes quite clear that the regulation of chlorophyll content in C. ethylicum in response to a change in incident light intensity is achieved by a change in the number of vesicles that are formed and also perhaps by a change in the specific chlorophyll content of these vesicles.
